Brain-derived neurotrophic factor (BDNF) plays a critical role in modulating plasticity in sensory cortices. Indeed, a BDNFdependent long-term potentiation (LTP) at distal basal excitatory synapses of Layer 5 pyramidal neurons (L5PNs) has been demonstrated in disinhibited rat barrel cortex slices. Although it is well established that this LTP requires the pairing of excitatory postsynaptic potentials (PSPs) with Ca 2+ spikes, its induction when synaptic inhibition is working remains unexplored.
Introduction
Synaptic plasticity rules are essential in determining how cortical networks acquire, organize, and store information, and long-term potentiation (LTP) is the widely proposed cellular basis for learning and memory processes (Bliss and Collingridge 1993) . The Hebbian rule maintains that LTP requires the repetition of temporally correlated presynaptic and postsynaptic activity (Hebb 1949) . Spike timing-dependent plasticity (STDP) is a physiologically relevant protocol for inducing long-term synaptic plasticity (Dan and Poo 2006; Caporale and Dan 2008) in which repeatedly pairing a single excitatory postsynaptic potential (EPSP) with a postsynaptic action potential (AP) at low frequency can induce LTP (Magee and Johnston 1997; Markram et al. 1997; Bi and Poo 1998; Fuenzalida et al. 2007 ). In addition, dendritic Ca 2+ spikes play a leading role in the genesis of this LTP through a strong Ca 2+ influx into pyramidal neuron dendritic spines (London and Hausser 2005; Remy and Spruston 2007) . The endocannabinoid (eCB) signaling is also of key importance in learning and memory processes (Chevaleyre et al. 2006; Kano et al. 2009 ). eCBs are retrograde messengers, produced and released from postsynaptic neurons in an activity-dependent manner. They reduce neurotransmitter release by activating presynaptic type 1 cannabinoid receptors (CB1Rs) (Di Marzo et al. 1998) . Several lines of evidence suggest that depression is the most common form of eCB-mediated synaptic plasticity (Sjostrom et al. 2003; Chevaleyre and Castillo 2004) . eCBmediated suppression of synaptic transmission is found at both excitatory and inhibitory synapses (Pitler and Alger 1992; Ohno-Shosaku et al. 2002) . Indeed, the simultaneous activation of presynaptic N-methyl-D-aspartate receptors (NMDARs) and CB1Rs is the proposed mechanism for eCB-LTD induction in the visual cortex (Sjostrom et al. 2003) . However, an eCB-dependent LTP has been described in the striatum requiring the activation of the transient receptor potential vanilloid-1 (TRPV1) and the CB1Rs (Cui et al. 2015) , while, in the hippocampus, LTP is facilitated by the eCBmediated depolarization-induced suppression of inhibition (DSI) (Carlson et al. 2002) .
The rat barrel cortex processes sensory information from the whiskers through thalamocortical synaptic inputs in Layers 4 and 5. Layer 5 pyramidal neurons (L5PNs) receive a robust thalamocortical input at basal dendrites and a weaker contribution at apical dendrites. Ca 2+ spikes have been identified in basal dendrites and the apical dendritic tuft of L5PNs (Schiller et al. 2000; Nevian et al. 2007; Larkum et al. 2009 ). These Ca 2+ spikes induce a strong Ca 2+ influx and are markedly reduced by inhibition of NMDARs and L-type voltage-gated Ca 2+ channels (VGCCs) (Schiller et al. 2000; Polsky et al. 2009 ). It has been previously shown that plasticity rules differ over the course of the pyramidal dendritic tree (Froemke et al. 2005; Gordon et al. 2006 ; Letzkus et al. 2006; Sjostrom and Hausser 2006) . Indeed, LTP induction through STDP at L5PNs requires pairing an EPSP with an AP burst in the proximal dendrites (Larkum et al. 1999; Kampa et al. 2004; , whereas distal basal dendrites require the coincidence of an EPSP, an NMDA spike and tyrosine receptor kinase B (TrkB) activation in order to induce a brain-derived neurotrophic factor (BDNF)-dependent LTP of the excitatory synaptic transmission in disinhibited slices (Gordon et al. 2006) . Although DSI has been reported in L5PNs of the barrel cortex (Bodor et al. 2005; Fortin and Levine 2007) , the possible role of eCBs in favoring the appearance of Ca 2+ spikes and triggering the BDNF-dependent LTP at basal dendrites of L5PNs during low-frequency stimulation remains unexplored. In this study, we have investigated a novel mechanism of synaptic plasticity induction in which eCB-mediated reduction of inhibitory synaptic transmission induces Ca 2+ spike facilitation and BDNF-dependent LTP of excitatory synaptic transmission at L5PNs of the barrel cortex. We found that eCBs released by AP barrages induce Ca 2+ spike facilitation and BDNF-dependent LTP in the synaptic responses evoked by low-frequency stimulation of basal dendrites of L5PNs showing DSI. However, neither Ca 2+ spike facilitation nor LTP was observed in those neurons lacking DSI. Moreover, both the Ca 2+ spike facilitation and the BDNFdependent LTP required eCB release from the postsynaptic neuron and CB1R activation, indicating that both eCBs and BDNF are released during the induction of this eCB-dependent LTP. In addition, we demonstrate that AP barrages evoked by stimulation of the striatum or the posteromedial (POm) thalamic nucleus also generate LTP depending on CB1R activation. Therefore, our results reveal that eCBs are crucial for the induction of BDNFdependent LTP at excitatory L5PN synapses, indicating that the eCB system plays a key role in the regulation of sensory processing in the barrel cortex.
Materials and Methods
Procedures of animal care and slice preparation approved by the Universidad Autónoma de Madrid followed the guidelines laid down by the European Council on the ethical use of animals (Directive 2010/63/EU) and every effort was made to minimize animal suffering and number.
Slice Preparation and Electrophysiological Recording
Sprague Dawley rats (13-17 days old) were decapitated, the brain removed and submerged in artificial cerebrospinal fluid (ACSF; in mM: 124.00 NaCl, 2.69 KCl, 1.25 KH 2 PO 4 , 2.00 Mg 2 SO 4 , 26.00 NaHCO 3 , 2.00 CaCl 2 , and 10.00 glucose) at 4°C and maintained at pH 7.4 by bubbling with carbogen (95% O 2 , 5% CO 2 ). Thalamocortical slices (400 µm) were cut with a Vibratome (Leica VT 1200S) by positioning the brain at a predetermined angle (Agmon and Connors 1991) and incubated in the ACSF (1 h at 20-22°C). Picrotoxin (PiTX, 50 μM), D-2-amino-5 phosphonovaleric acid (D-AP5, 50 µM), 7-nitro-2,3-dioxo-1,4-dihydroquinoxaline-6-carbonitrile (CNQX; 20 µM), N-(piperidin-1-yl)-5-(4-iodophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide (AM251; 10 μM), and Cyclotraxin-B (CTX-B, 100 nM) were added to the ACSF as required. In some "puff" experiments (mentioned in the text), BDNF (50 ng/mL in ACSF) or WIN 55212-2 (WIN, 20 µM) were applied via pressure ejection (4 psi) near the basal dendrites (50-100 µm from the soma) of the recorded L5PNs through a pipette (tip diameter,~5 µm) connected to a Picospritzer II (General Valve) that was placed with a hydraulic micromanipulator (Narishige). Whole-cell patch-clamp recordings were obtained from the soma of L5PNs using patch pipettes (4-8 MΩ) filled with an internal solution that contained (in mM): 120 K-gluconate, 10 KCl, 10 HEPES, 0.5 EGTA, 4 Na 2 -ATP, and 0.3 Na 3 -GTP, buffered to pH 7.2-7.3 with KOH. Intracellular solutions could also contain either 1,2-bis(2-aminophenoxy) ethane-N,N,N,N′-tetraacetic acid (BAPTA; 20 mM), light chain of the B-type botulinum toxin (BOTOX, 1 μM), or N-(4-Hydroxyphenyl) arachidonylamide (AM404, 10 μM). Recordings were performed in current-or voltage-clamp mode using a Cornerstone PC-ONE amplifier (DAGAN). Pipettes were placed with a micromanipulator (Narishige). The holding potential was adjusted to −65 mV, and the series resistance was compensated to~80%. L5PNs located beneath the barrels were accepted only when series and input resistances did not change >20% during the experiment. Data were low-pass filtered at 3.0 kHz and sampled at 10.0 kHz, through a Digidata 1200 (Molecular Devices). The pClamp program (Molecular Devices) was used to acquire data. Chemicals were purchased from Sigma-Aldrich Quimica and Tocris Bioscience (Ellisville; distributed by Biogen Cientifica) and R&D Systems, Inc. (distributed by bio-techne).
Ca

2+ Imaging
In some experiments, simultaneous electrophysiology and intracellular Ca 2+ imaging were obtained by using fluorescence microscopy and the Ca 2+ indicator Fluo-4 (Molecular Probes).
Patch pipettes were filled with intracellular solution plus 100 µM Fluo-4. Imaging experiments were performed after a 15-to 20-min stabilization period that allowed the equilibration of the dye in the soma, basal dendrites, and apical dendritic shaft. Loaded cells were illuminated during 40 ms every 200 ms at 490 nm with a monochromator (Polychrome IV; TILL Photonics), and successive images were obtained at 5 Hz with a cooled monochrome CCD camera (Luca, Andor Technologies) attached to the Olympus microscope that was equipped with a filter cube (Chroma Technology) optimized for Fluo-4. Camera control, synchronization with electrophysiological recordings, and epifluorescence measurements were made with ImagingWorkbench software (INDEC-BioSystems) . Fluorescence values are given as ΔF/F as a percentage (ΔF/F = 100 × (F − F 0 )/F 0 , where F 0 is the prestimulus fluorescence level, when the cells were at rest, and F is the fluorescence at different times during activity). Plots of Ca 2+ signal variations versus time were obtained "off-line" from stored image stacks at small regions of interest (ROIs; width, 1 µm; length, 10-15 µm) located at the soma, apical (50-70 µm from the soma), and basal (25-35 µm from the soma) dendrites. Background fluorescence was measured from ROIs of the same size located as close as possible to the corresponding ROIs in a place lacking dyecontaining structures and it was subtracted. Corrections were also made for indicator bleaching during trials by subtracting the signal measured under the same conditions when the cells were not stimulated.
Synaptic Stimulation
Bipolar stimulation was applied through a Pt/Ir concentric electrode (OP 200 µm, IP 50 µm, FHC) connected by 2 silver-chloride wires to a Grass S88 stimulator and stimulus isolation unit (Quincy). The stimulating electrode was placed at 100 µm below the soma of the recorded neuron (at the level of Layer 5B), close to the basal dendrites of the recorded pyramidal cell. Single pulses (100-μs duration and 20-100 µA) were continuously delivered at 0.3 Hz. After recording a stable baseline of postsynaptic currents (PSCs) during 5 min in voltage clamp, the recording was switched to current clamp and the stimulation intensity was increased until ≈21% of the responses recorded during 5 min at 0.2 Hz were suprathreshold (see Results). Next we used different stimulating protocols to induce LTP (LTP induction protocols) and/or to release eCBs: 1) 2 AP barrages evoked by 2 trains of stimuli (duration 80 ms, 50 Hz, applied every 5 s) with the same stimulating electrode followed (5 s after the second AP barrage) by 8 single-stimulus evoked responses at 0.2 Hz. This sequence was repeated 7 times; 2) 2 AP barrages evoked by 2 trains of stimuli applied every 5 s with a second stimulating electrode placed in either the striatum (duration 80 ms, 50 Hz) or POm (duration 160 ms 100 Hz) followed (5 s after the second AP barrage) by 8 single-stimulus evoked responses at 0.2 Hz. This sequence was repeated 7 times. After these LTP induction protocols (1 and 2), we switched back to voltage clamp and the stimulation intensity and frequency was returned to control values in order to check for long-term synaptic plasticity by analyzing the PSC peak amplitudes. 3) DSI induction in current clamp: pyramidal cells were held under voltage clamp at −80 mV and control inhibitory postsynaptic currents (IPSCs) isolated under CNQX plus D-AP5 were recorded. Then, we switched to current clamp and an AP barrage was triggered by injecting through the patch pipette a depolarizing current pulse (0.3 nA, 1 s), returning immediately after the pulse off to voltage clamp at −80 mV to record the effect on the IPSC peak amplitude. The magnitude of DSI was calculated by measuring the percentage of the IPSC peak amplitude reduction of the last synaptic current recorded after the AP barrages relative to the previous recording from the same cells (Fig. 5B ). 4) Depolarization-induced suppression of excitation (DSE) induction in current clamp: pyramidal cells were held under voltage clamp at −60 mV and control EPSCs isolated under PiTX were recorded. Then, we switched to current clamp and an AP barrage was triggered by injecting through the patch pipette a depolarizing current pulse (0.3 nA, 1 s), immediately reinstating the −60 mV voltage clamp after the pulse to record the effect on the EPSC amplitude. The magnitude of DSE was calculated in the same way as for DSI (Fig. 5C ).
Data Analysis
Data were analyzed with pClamp (Molecular Devices) and Excel (Microsoft) programs. Twenty responses were averaged except when otherwise indicated. The magnitude of the change in peak amplitude of PSCs and PSPs was expressed as a proportion (%) of the baseline control amplitude (%) and plotted as a function of time. The presynaptic or postsynaptic origin of the observed regulation of PSC amplitudes was tested by estimating the paired-pulse ratio (PPR) changes, which were considered to be of presynaptic origin (Creager et al. 1980; Clark et al. 1994; Kuhnt and Voronin 1994) and were quantified by calculating a PPR index (R2/R1), where R1 and R2 were the peak amplitudes of the first and second synaptic currents, respectively. To estimate the modifications in the synaptic current variance, we first calculated the noise-free coefficient of variation (CVNF) for the synaptic responses before and 30 min after LTP induction protocol with the formula CVNF = √(δPSC 2 − δnoise 2 )/m; δPSC 2 and δnoise 2 are the variance of the peak PSC and baseline, respectively, and m is the mean PSC peak amplitude. The ratio of the CV measured before and 30 min after LTP induction protocol (CVr) was obtained for each neuron as CV after PSP-Ca 2+ responses/CV control (Clements 1990 ). Finally, we constructed plots comparing variation in M (m after PSPCa 2+ responses over m at control conditions) against the changes in response variance of the PSC amplitude (1/CVr 2 ) in each cell. In these plots, values were expected to follow the diagonal if the EPSC potentiation had a presynaptic origin. Statistical analysis was performed using Student's 2 tail t-test and differences were considered statistically significant at levels of P < 0.05 (*), P < 0.01 (**), and P < 0.001 (***). Results are given as mean ± SEM (N = numbers of cells). There were no gender differences in our experiments.
Results
eCB-Dependent LTP at L5PNs Requires BDNF Receptor Activation
We had previously shown that, under blockade of GABA A Rs with picrotoxin (PiTX), cytosolic calcium elevations associated with Ca 2+ spikes could be induced at L5PNs (Nuñez et al. 2012 ).
In addition, it is well established that eCBs are able to reduce GABAergic synaptic inhibition (Wilson and Nicoll 2001; Trettel and Levine 2003; Bodor et al. 2005) . Therefore, we examined whether cytosolic Ca 2+ elevations and LTP of synaptic transmission at L5PNs could be induced by AP barrage-released eCBs in thalamocortical slices. For this purpose, after 5 min of PSC recordings, the recording was switched to current clamp and the stimulation intensity increased until ≈21% of the responses recorded during 5 min at 0.2 Hz were suprathreshold. Of 56 recorded responses, 44.3 ± 1.9 were subthreshold and 11.7 ± 5.8 suprathreshold (N = 237). Of suprathreshold responses, 3.4 ± 0.4 were PSPs followed by APs (PSP-APs) and 8.3 ± 1.7 were PSP-APs followed by the slow depolarizations that we have named PSP-Ca 2+ responses (Fig. 1B, . The other ≈48% of type-A neurons did not increase the number PSP-Ca 2+ responses after the AP barrages (from 7.5 ± 1.3 to 8.3 ± 1.5 PSP-Ca 2+ responses before and after the AP barrages, respectively, N = 11, P > 0.05; these cells were termed "type-A 2 neurons", see Fig. 1D , bottom). In addition, type-B neurons did not show PSP-Ca 2+ responses either before or after AP barrages (N = 10, P > 0.05; Fig. 1D , bottom, type-B neurons). After applying the LTP induction protocol, we switched back to voltage clamp and the stimulation intensity and frequency were returned to control values in order to check for long-term synaptic plasticity by analyzing the PSC amplitudes (see Methods). A long-lasting enhancement of the PSC amplitudes (from 100.5 ± 2.8% to 150.4 ± 3.5% before and 30 min after the AP barrages, N = 12, P < 0.001; Fig. 1E , black circles) was observed in A 1 L5PNs. This form of LTP was not induced in A 2 or B cells (from 100.0 ± 0.3% to 105.9 ± 2.7% before and 30 min after the AP barrages, N = 11, or from 101.2 ± 1.3% to 100.7 ± 1.5% before and 30 min after the AP barrages, N = 10, respectively). These results indicate that only A 1 L5PNs show AP barrage-induced facilitation of the PSP-Ca 2+ responses and LTP of the synaptic transmission evoked by low-frequency stimulation at their basal dendrites. Hereafter, we only analyzed the induction of synaptic plasticity at A 1 L5PNs, except when indicated otherwise. We next analyzed the requirement of the CB1R activation in the PSP-Ca 2+ response facilitation. We first verified that an A 1 L5PN was being recorded by checking the PSP-Ca 2+ response facilitation after the AP barrages. Then, we superfused the CB1R antagonist AM251 (10 µM) and the AP barrages were applied again. AM251 prevented the facilitation of PSP-Ca 2+ responses (from 7.9 ± 3.1 to 7.7 ± 3.3 PSP-Ca 2+ responses before and after AP barrages during AM251, respectively; N = 12 same cells of Fig recorded in ACSF (from 8.3 ± 1.7 to 7.9 ± 3.1 in ACSF and AM251, respectively; N = 12 same cells, P > 0.05). Therefore, although our results demonstrate that CB1R activation is required in the PSP-Ca 2+ response facilitation, tonic eCB signaling would not contribute to this facilitation. In order to analyze whether LTP of the PSCs was also dependent on CB1R activation, we performed another set of experiments with AM251. In these experiments, AM251 was superfused after verifying that a type-A neuron was being recorded by checking the presence of PSP-Ca 2+ responses in ACSF, and then the LTP induction protocol was applied in the presence of AM251. Under these conditions, the induction of LTP was not observed (from 99.7 ± 0.7% to 103.5 ± 5.6% before and 30 min after the AP barrages, respectively; N = 14, P > 0.05; Fig. 1E , gray triangles). Thus, this form of synaptic plasticity was called eCB-dependent LTP. Moreover, similar experiments to those described above for AM251 were performed but using the TrkB receptor antagonist cyclotraxin-B (CTX-B 100 nM) instead of AM251. Interestingly, in 5 out of 10 recorded neurons, although the AP barrage-mediated increase in the number of PSP-Ca 2+ responses was observed (from 7.4 ± 1.6 to 28.2 ± 6.8
PSP-Ca 2+ responses before and 30 min after the AP barrages in CTX-B, respectively; N = 5, P < 0.001, Fig. 1D ), no LTP was induced (from 100.7 ± 0.5% to 115.0 ± 11.9% before and 30 min after the AP barrages in CTX-B, respectively; N = 5 same cells, P > 0.05, Fig. 1E , gray squares). In addition, the other 5 neurons did not show either the PSP-Ca 2+ responses facilitation (from 8.1 ± 1.4 to 8.2 ± 8.8 PSP-Ca 2+ responses before and 30 min after the AP barrages in CTX-B, respectively; N = 5, P > 0.05) or the LTP (from 101.3 ± 1.5 to 98.08 ± 13.4% before and 30 min after the AP barrages in CTX-B, respectively; N = 5 same cells, P > 0.05). Taken together, these results indicate that the LTP of the PSCs was both eCB and BDNF dependent. Activity-dependent release of eCBs from the postsynaptic cells is sensitive to blockade of the anandamide membrane transporter by its inhibitor AM404 in the striatum and cortex (Ronesi et al. 2004; Lemtiri-Chlieh and Levine 2010) . Then, we applied the LTP induction protocol under AM404 (10 µM in the intracellular solution) after verifying that a type-A neuron was being recorded. AM404 prevented not only the facilitation of PSP-Ca 2+ responses (from 6.6 ± 2.0 to 11.0 ± 4.9 PSP-Ca 2+ responses before and 30 min after AP barrages during AM404, respectively; N = 15, P > 0.05; Fig. 1D in AM404) but also the induction of eCB-dependent LTP (from 100.6 ± 0.6% to 102.8 ± 7.2% before and 30 min after AP barrages during AM404; N = 15 same cells, P > 0.05; Fig. 1E , gray diamonds), providing direct evidence for the requirement of AP-mediated eCB phasic release from the recorded L5PN in the induction of this LTP. Taken together, these observations suggest that the activation of CB1Rs by the AP barrage-mediated eCB release can increase the number of PSP-Ca 2+ responses, and this would induce a BDNF-dependent LTP of the excitatory synaptic transmission at L5PNs of the barrel cortex.
eCB-Dependent LTP Requires NMDAR Activation
We next confirmed that these AP barrage-facilitated PSP-Ca 2+ responses were associated with cytosolic calcium increases.
We simultaneously recorded the intracellular Ca 2+ signal by adding Fluo-4 (100 µM) in the patch pipette (Fig. 2) . AP barragefacilitated PSP-Ca 2+ responses ( Fig. 2A left image and B) were associated with cytosolic calcium elevations that simultaneously increased at the soma (25.0 ± 4.3%, N = 10, P < 0.05) and at both the apical (16.1 ± 7.7%, N = 10 same cells, P < 0.05) and basal (11.8 ± 3.1%, N = 10 same cells, P < 0.05) dendrites of L5PNs (Fig. 2B ,C, black bars). Then, D-AP5 (50 µM) was superfused and these cytosolic calcium increases were abolished (N = 10, P > 0.05; Fig. 2A middle image, B and C). Moreover, PSP-AP responses, but not PSP-Ca 2+ responses, could be evoked in same cells when the stimulation intensity was increased bỹ 50% during D-AP5 (Fig. 2B , top D-AP5+stim.). Interestingly, these PSP-AP responses were associated with cytosolic calcium elevations at the soma and the apical dendrites but not at the basal dendrites ( Fig. 2A, right image, B, and C) . Furthermore, the PSP-AP calcium elevations had lower amplitudes than those evoked by the PSP-Ca 2+ responses at the soma (from 25.0 ± 4.3% evoked by the PSP-Ca 2+ responses in ACSF to 11.3 ± 3.6%
evoked by the PSP-AP in D-AP5+stim.; N = 10 cells, P < 0.05; Fig. 2B bottom and C) . We also studied whether the PSP-APs recorded in D-AP5+stim. could induce LTP of the PSCs in type-A neurons identified previously to the D-AP5 superfusion. The PSP-APs were unable to induce LTP of the PSCs (from 100.0 ± 0.5% to 102.8 ± 2.4% before and 30 min after the AP barrages in D-AP5+stim.; N = 10, P > 0.05; Fig. 2D ), suggesting that PSP-Ca 2+ responses are required for this form of synaptic plasticity. We also studied whether eCBs not only facilitate PSP-Ca 2+ responses by increasing its number but also by modifying the cytosolic calcium increases associated with them. We analyzed these cytosolic calcium elevations before and during AM251 superfusion in type-A 1 neurons ( Supplementary Fig. 1A-D) .
Although the AP barrage-induced increase in the number of the PSP-Ca 2+ responses observed in ACSF (from 8.3 ± 1.7 to 26.3 ± 3.2 PSP-Ca 2+ responses before and after the AP barrages, respectively; N = 12, P < 0.01) was abolished in AM251 (from 7.9 ± 3.1 to 7.7 ± 3.3 PSP-Ca 2+ responses before and after the AP barrage in AM251, respectively; N = 12 same cells, P > 0.05; Fig. 1C ,D bottom), the cytosolic calcium elevations associated with the PSP-Ca 2+ responses were not modified by the CB1R antagonist (from 25.0 ± 5.5% to 23.5 ± 6.2% during the PSP-Ca 2+ responses before and after the AP barrages in ACSF, respectively, and from 26.3 ± 4.5% to 24.5 ± 5.6% during the PSP-Ca 2+ responses before and after the AP barrages in AM251, respectively; N = 6, P > 0.05; Supplementary Fig. 1E-G Fig. 2A) . A single WIN puff facilitated the induction of PSP-Ca 2+ responses (from 0.15 ± 0.05 to 2.05 ± 0.49 PSP-Ca 2+ responses evoked every 5 s before and 70 s after the WIN puff, respectively; N = 8, P < 0.01, Supplementary Fig. 2B and C). The WIN effects had a short delay (1.1 ± 1.0 s), were short-lived (3.3 ± 0.5 min), and reached a maximum at ≈50 s after application (N = 8 same cells; Supplementary Fig. 2C ). In order to analyze whether WIN puffs could induce the eCB-and BDNF-dependent LTP, we applied the LTP induction protocol but replaced the 2 AP barrages with 2 WIN puffs (Fig. 3A,B) . Under these conditions after checking for a type-A 1 neuron, WIN puffs facilitated the induction of PSP-Ca 2+ responses (from 11.3 ± 3.4 to 26.3 ± 4.5 PSP-Ca 2+ response before and after WIN application, respectively; N = 14, P < 0.05, Fig. 3B,C) . The WIN-mediated PSP-Ca 2+ response facilitation was abolished when we repeated this protocol but in the presence of AM251, indicating that it was mediated by CB1R activation (from 8.2 ± 1.5 to 7.4 ± 1.2 PSP-Ca 2+ responses before and after WIN application in the presence of AM251, respectively; N = 14 same cells, P > 0.05, Fig. 3C ). Moreover, after checking for a type-A 1 neuron, D-AP5 superfusion prevented PSP-Ca 2+ responses and its facilitation by the WIN puff protocol (N = 5, same cells, Fig. 3C ). In similar experiments but using CTX-B instead of D-AP5, the WIN puff-mediated PSP-Ca 2+ response facilitation was observed (from 7.2 ± 1.0 before to 33.4 ± 7.5 PSP-Ca 2+ responses after the WIN application in the presence of CTX-B, respectively; N = 8, P < 0.05). Interestingly, PSP-Ca 2+ responses were not facilitated by WIN in either type-A 2 neuron (from 6.5 ± 1.5 to 6.2 ± 2.2 PSP-Ca 2+ responses before and after the WIN application, respectively; N = 6, P > 0.05) or type-B neuron (N = 6). In addition, WIN application generated a long-lasting enhancement of the recorded PSC amplitudes in ACSF in type-A 1 neurons (from 100.6 ± 0.6% to 163.2 ± 11.5% before and 30 min after the WIN application, respectively; N = 4, P < 0.05; Fig. 3D , black circles) that was prevented when other type-A 1 neurons were recorded in the presence of CTX-B (from 97.7 ± 1.6% to 97.1 ± 8.2% before and 30 min after the WIN application, respectively; N = 4, P > 0.05; Fig. 3D , gray squares). Moreover, we checked for WIN puff-dependent LTP under AM251 or D-AP5 after verifying that we were recording a type-A neuron. WIN puff-dependent LTP was not observed in the presence of AM251 (from 100.4 ± 1.0% to 106.3 ± 6.9% before and 30 min after the WIN application in AM251, respectively; N = 8, P > 0.05; Fig. 3D , gray diamonds) or in the presence of D-AP5 (from 100.9 ± 0.8% to 96.5 ± 4.4% before and 30 min after the WIN application in D-AP5, respectively; N = 10, P > 0.05; Fig. 3D , gray triangles). Taken together, these results indicate that both exogenous cannabinoids and eCBs are able to facilitate the generation of PSP-Ca 2+ responses through the activation of CB1Rs, inducing eCB-and BDNF-dependent LTP.
eCB-Dependent LTP Induction Requires Both AP Barrages and PSP-Ca 2+ Response Facilitation
We next wondered whether only AP barrages or PSP-Ca 2+ responses were sufficient to induce the eCB-dependent LTP or a combination of both was needed. We therefore checked if AP barrages could induce LTP in the absence of PSP-Ca 2+ responses in type-A neurons (Fig. 4A ). For this purpose, after checking that we were recording a type-A neuron, the stimulation intensity after the AP barrage was decreased by 25% to avoid PSP-Ca 2+ response production. Under these conditions, the eCBdependent LTP was not induced (from 101.7 ± 1.2% to 100.5 ± 0.6% before and 30 min after AP barrages, respectively; N = 10, P > 0.05, Fig. 4B ), suggesting that PSP-Ca 2+ responses are essential to LTP induction. To confirm the AP barrage requirement, we increased the stimulation intensity until ≈37 PSP-Ca 2+ responses were evoked (37 ± 5.9 PSP-Ca 2+ responses, N = 18, P < 0.001; Fig. 4C ) without a previous AP barrage. This protocol was not sufficient to induce eCB-dependent LTP (N = 18, P > 0.05). Indeed, we found that 27.7% of the cells showed short-term potentiation (STP, 135.2 ± 11.0% of control at 10 min, N = 5, P < 0.05; Fig. 4D , black circles) and the rest of the cells (72.3%) showed no plasticity (from 99.8 ± 0.6% to 97.8 ± 0.6% before and 30 min after the PSP-Ca 2+ responses, respectively; N = 12, P > 0.05; Fig. 4D , gray circles). Finally, in these same conditions, we checked whether a puff of BDNF (50 ng/mL, Fig. 4E ) could rescue the LTP when it was applied instead of the AP barrages. eCB-dependent LTP was not induced after BDNF (from 99.1 ± 0.4% to 105.2 ± 8.3% before and 30 min after the BDNF puffs, respectively; N = 10, P > 0.05; Fig. 4F To test this hypothesis, after checking the type of neuron that we were recording (A 1 , A 2 , or B, Fig. 5A ), IPSCs were isolated under D-AP5 (50 µM) and CNQX (20 µM) and then DSI was tested (Fig. 5B) . To check for the presence of DSI, we analyzed the change in the IPSC peak amplitude induced by a train of APs evoked by a 1-s depolarizing current pulse applied through the patch pipette. Type A 1 showed DSI (28.8 ± 5.9% IPSC peak amplitude reduction; N = 5, P < 0.05, Fig. 5B , left), but A 2 and B neurons did not (N = 5, P > 0.05, Fig. 5B , middle and right). After checking for the first DSI, we also verified that a second DSI was prevented by AM251 (Fig. 5B , left plot) but was induced in its absence ( Supplementary Fig. 3A ). Moreover, we also checked that DSI could be detected after the AP barrages used in our LTP induction protocol. After confirming we had patched a type-A 1 neuron, we applied the LTP induction protocol but decreased the stimulation intensity by 25% to evoke subthreshold PSPs before and after the AP barrages. The DSI magnitude was measured as an increase in the PSP amplitude after the AP barrages (from 99.8 ± 0.8% to 120.4 ± 4.1% before and after the AP barrages, respectively; N = 6, P < 0.05, Supplementary Fig. 4A and C) that was prevented by AM251 (99.2 ± 0.6% to 99.6 ± 2.2% before and after the AP barrages, respectively; N = 6, P > 0.05, Supplementary Fig. 4B and C) . In addition, we tested the DSE by recording the EPSCs isolated under PiTX (50 µM) and by analyzing the change in the EPSC peak amplitude induced by a train of APs evoked by a 1-s depolarizing current pulse applied through the patch pipette. Type-A 2 neurons showed DSE (14.7 ± 2.6% peak amplitude reduction; N = 6, P < 0.01, Fig. 5C , middle), but A 1 (N = 6, P > 0.05, Fig. 5C , left) and B neurons (N = 6, P > 0.05, Fig. 5C , right) did not. After checking for the first DSE, we also verified that a second DSE was prevented by AM251 ( Supplementary Fig. 3B ) but was induced in its absence (Fig. 5C, left plot) . It is noteworthy that AM251 did not modify either the amplitude of IPSCs (from −27.9 ± 6.5 pA to −28.3 ± 4.5 pA before and during AM251, respectively; N = 5, P > 0.05) or the amplitude of EPSCs (from −55.9 ± 5.7 pA to −57.9 ± 5.1 pA before and during AM251, respectively; N = 6, P > 0.05), which discard the contribution of tonic eCB signaling (Younts and Castillo 2014) . Moreover, since the eCB-mediated facilitation of PSP-Ca 2+ responses occurs only in L5PNs showing DSI and lacking DSE, these results suggest that the increase in the excitation/inhibition ratio due to the eCB-mediated suppression of inhibition is the main mechanism behind PSP-Ca 2+ response facilitation. 
eCB-Dependent LTP is Not Paralleled by Changes in the Probability of Glutamate Release and Requires AMPAR Insertion
Under voltage-clamp conditions with a 10 mM Cl − intracellular solution and a calculated chloride equilibrium potential (Ε Cl −) of −65.2 mV, we recorded the PSCs evoked by paired-pulse stimulation (50 ms delay) at a holding potential of −65 mV and analyzed the changes in the paired-pulse responses in type-A 1 neurons. The paired-pulse ratio (PPR) of the response was the quotient of the peak amplitude of the second PSC (R2) over the first PSC (R1, Fig. 6A , top and middle). The PPR did not change during the eCB-dependent LTP and had values of 1.13 ± 0.08 and 1.15 ± 0.04, before and 30 min after the LTP induction protocol, respectively (N = 7, P > 0.05, Fig. 6A, bottom) . Moreover, we constructed plots for 1/CVr 2 as a function of the mean peak PSC amplitude, M (see Methods) (Fig. 6B ). These plots revealed that values did not group following the diagonal (R = 0.06, N = 7), discounting a change in the probability of glutamate release and therefore suggesting a postsynaptic mechanism. Since this eCB-dependent plasticity was an NMDAR-dependent LTP (see Fig. 2D ), we next performed similar experiments in which intracellular calcium elevations were prevented by adding the fast calcium chelator BAPTA (20 mM) into the patch pipette. The LTP induction protocol was applied after checking for a type-A neuron under BAPTA. BAPTA loading of L5PNs prevented the PSPCa 2+ response facilitation induced by the LTP induction protocol (from 9.2 ± 1.6 to 8.5 ± 3.4 PSP-Ca 2+ responses before and after the LTP induction protocol, respectively; N = 10, P > 0.05) and suppressed the eCB-dependent LTP (from 100.2 ± 3.8% to 97.1 ± 5.9% before and after the LTP induction protocol, respectively; N = 10 same cells, P > 0.05; Fig. 6C ). Therefore, although under BAPTA we could not distinguish A 1 and A 2 neurons, this result confirmed that intracellular Ca 2+ elevations were necessary for the PSP-Ca 2+ response facilitation and the LTP induction.
Postsynaptic calcium-dependent LTP would require new AMPAR insertion at the excitatory synapses (Fernández de Sevilla and Buño 2010) . Consequently, the preceding experiments were repeated but the light chain of the B-type botulinum toxin (Botox 1 µM) was added to the intracellular solution to inhibit the insertion of new receptors by the SNARE proteinmediated membrane fusion of endosome complexes. Botox loading of L5PNs did not modify either baseline synaptic transmission (99.3 ± 1.8% of control) or the PSP-Ca 2+ response facilitation induced by the LTP induction protocol (from 8.7 ± 2.7 to 34.0 ± 9.6 PSP-Ca 2+ responses before and after the LTP induction protocol, respectively; N = 10, P > 0.05). However, Botox prevented the eCB-dependent LTP (from 101.2 ± 1.4% to 102.0 ± 6.2% before and 30 min after the LTP induction protocol, respectively; N = 10, P > 0.05, Fig. 6D ). Taken together, these results demonstrate that the eCB-dependent LTP is an NMDAR-dependent form of postsynaptic plasticity expressed by increasing the number of functional AMPARs without changes in the probability of glutamate release.
Paralemniscal Pathway Activation Induces eCB-Dependent LTP
Finally, we investigated whether a similar LTP of the responses evoked by basal dendrite stimulation could be induced by AP barrages generated by the activation of thalamic neurons that project to Layer 5 of the barrel cortex. Therefore, we applied similar LTP induction protocols (see Methods) in type-A neurons with an electrode placed close to the basal dendrites of the recorded L5PN but evoked the AP barrages with a second electrode placed at the striatum (Fig. 7A,B) , where the thalamic axons pass through on their way to the barrel cortex (Agmon et al. 1993) . In 6 out of 11 recorded neurons, PSP-Ca 2+ response facilitation (from 9.4 ± 2.1 to 26.3 ± 3.1 PSP-Ca 2+ responses before and after AP barrages, respectively; N = 6, P < 0.05, Fig. 7B ,C) and LTP was induced (from 100.6 ± 0.9% to 136.2 ± 4.5% before and 30 min after AP barrages, respectively; N = 6 same cells, P < 0.05, Fig. 7D , black circles) in the responses evoked by L5PN basal dendrite stimulation when AP barrages were evoked by striatum stimulation. The other 5 of recorded cells showed PSP-Ca 2+ responses but were not facilitated after the AP barrages (from 7.0 ± 1.1 to 7.3 ± 1.2 PSP-Ca 2+ responses before and after AP barrages, respectively; N = 5, P > 0.05) and they did not present synaptic plasticity (from 99.0 ± 9.1% to 100.3 ± 1.2% before and 30 min after the AP barrages, respectively; N = 5, P > 0.05). In these experiments, we also found 6 type-B neurons that were discarded. Moreover, none of other recorded A-type neurons in the presence of AM251 presented neither PSP-Ca 2+ response facilitation (from 6.8 ± 2.9 to 10.6 ± 4.0 PSP-Ca 2+ responses before and after AP barrages in AM251, respectively; N = 12, P > 0.05 Fig. 7C ) nor LTP (from 100.5 ± 0.5% to 102.1 ± 0.5% before and 30 min after the AP barrage in AM251, respectively; N = 12 same cells, P > 0.05, Fig. 7D , gray circles) induced by striatal stimulation. In similar experiments but with D-AP5 instead of AM251, no PSP-Ca 2+ response facilitation (from 7.5 ± 2.5 to 6.3 ± 1.8 PSP-Ca 2+ responses before and after AP barrages in D-AP5, respectively; N = 12, P > 0.05) and no LTP was observed (from 99.5 ± 0.8% to 106.3 ± 2.2% before and 30 min after the AP barrages in D-AP5, respectively; N = 12 same cells, P > 0.05). In a further step, similar experiments were performed but evoking the AP barrage by stimulating POm thalamic nucleus instead of the striatum. POm stimulation generated a burst of AP in type-A neurons that induced PSP-Ca 2+ response facilitation (from 5.1 ± 1.1 to 40.6 ± 18.4 PSP-Ca 2+ responses before and after the AP barrages, respectively; N = 3, P < 0.01, Fig. 7E ), and LTP (from 100.4 ± 1.7% to 122.4 ± 6.6% before and 30 min after the AP barrage, respectively; N = 3 same cells, P < 0.05; Fig responses before and after the AP barrages, respectively; N = 7, P > 0.05) or synaptic plasticity after POm stimulation (from 99.0 ± 9.1% to 100.3 ± 1.2% before and 30 min after the AP barrages, respectively; N = 7, P > 0.05). In these experiments, we also found 7 type-B neurons that were discarded. None of the recorded A-type neurons presented PSP-Ca 2+ responses facilitation (from 8.8 ± 2.8 to 9.6 ± 2.7 PSP-Ca 2+ responses before and after the AP barrages, respectively; N = 12, P > 0.05, Fig. 7E ) or LTP (from 102.3 ± 1.3% to 97.2 ± 9.1% before and 30 min after the AP barrages, respectively; N = 12 same cells, P > 0.05, Fig. 7F , gray circles) when AP barrages were induced by POm stimulation in the presence of AM251. These results suggest that subcortical stimulation in the striatum or POm can evoke AP barrages that facilitate PSP-Ca 2+ responses and induce LTP in the responses evoked by L5PN basal dendrite stimulation, being this mechanism dependent on the CB1R activation.
Discussion
The evidence in the current experiments highlights the importance of eCBs in promoting LTP at L5PNs of the barrel cortex. We have characterized a novel form of eCB-dependent induction of synaptic plasticity elicited by a coordinated action of BDNF paired with Ca 2+ spikes, when AP barrages precede lowfrequency stimulation at basal dendrites of L5PNs. In addition, our data suggest that a CB1R activation-dependent LTP could be induced when AP barrages are evoked by POm stimulation, perhaps indicating that the contextual or predictive information coming through the paralemniscal pathway is necessary for the modulation of sensory information from the lemniscal pathway.
It is well established that L5PNs, in addition to single AP firing, can trigger brief AP bursts, essential for encoding sensory information (Lisman 1997 were prevented when we abolished the AP-induced phasic eCB release by loading the recorded L5PNs with AM404. However, we cannot discount a possible role of tonic eCb signaling in regulating inhibition at other sites on the L5PNs. For instance, perisomatic inhibition is regulated via both tonic and phasic eCB signaling, while only phasic eCB signaling has been found at dendritic inhibitory inputs in the CA1 pyramidal neurons (Lee et al. 2010) . Nevertheless, the impact of tonic eCB signaling on synaptic function should be further examined in vivo.
Our results indicate that eCBs released by AP barrages can facilitate the generation of PSP-Ca 2+ responses at L5PNs by reducing inhibitory synaptic transmission. This observation is in agreement with previous reports (Fortin et al. 2004 ) of enhanced neocortical excitability after eCB-mediated suppression of inhibition induced by brief trains of APs. As shown in the cholinergic facilitation of PSP-Ca 2+ responses (Nuñez et al. 2012) , the eCB-mediated increase in the excitation/inhibition ratio could facilitate the generation of PSP-Ca 2+ responses by reducing the release of GABA from the GABAergic terminals expressing CB1Rs. CB1R is strongly expressed in cortical Layer 5, mainly localized in fibers (Egertova et al. 2003) , unlike the perisomatic staining pattern observed in Layer 2/3. The present work has recorded 3 L5PN types: 1) neurons with DSI and without DSE (type-A 1 ), 2) neurons only showing DSE (type A2), and 3) neurons without DSI and DSE (type B). Since only some of our L5PNs presented DSI, our data agree with previous reports showing that only a proportion of L5PNs are innervated by CB1R-expressing interneurons (Bodor et al. 2005) . Indeed, only 33% of the recorded L5PNs showed DSI when the distal basal dendrites were stimulated after the AP barrages, and in those same neurons no DSE could be evoked (type-A 1 neurons). These results may indicate that DSI but not DSE occurs at basal distal synapses, like the specific eCB-mediated modulation of somatic synapses described previously (Fortin and Levine 2007) , in which DSE is expressed and DSI is absent. The remaining 67% of the recorded L5PNs (type-A 2 and type-B neurons) were innervated by interneurons without CB1Rs so there was no eCB or WIN suppression of the IPSC peak amplitude. However, half of the DSI-lacking L5PNs presented DSE (type-A 2 neurons), possibly indicating that these neurons were innervated by excitatory terminals expressing CB1R or that in those experiments, our stimulation recruited excitatory somatic synapses showing DSE (Fortin and Levine 2007) .
BDNF is the neuromodulator that evokes transient Ca
2+
increases in dendrites and spines of dentate granule cells of the hippocampus. A robust LTP is induced when these transient Ca 2+ increases are paired with a weak burst of synaptic stimulation in mouse hippocampal slices (Kovalchuk et al. 2002) . Moreover, distal basal L5PN dendrites are resistant to plasticity changes and require BDNF to induce LTP of the excitatory synaptic transmission (Gordon et al. 2006 ). In addition, recent studies suggest interaction between BDNF and eCBs (Luongo et al. 2014) . BDNF increases CB1R expression in cultured cerebellar granule neurons (Maison et al. 2009 ) and it depresses IPSCs in neocortical Layer 2/3 pyramidal neurons through the activation of CB1Rs (Lemtiri-Chlieh and Levine 2010; Zhao and Levine 2014). Our results suggest that, both eCBs and BDNF are released during the LTP induction. Indeed, the substitution of the AP barrage with a local application of WIN induced an eCB-and BDNF-dependent LTP, whereas no LTP was found when the AP barrage was replaced by a puff of BDNF. These results are consistent with a scenario in which 1) the AP barrage releases eCBs that facilitate PSP-Ca 2+ responses by reducing inhibitory synaptic transmission, 2) the PSP-Ca 2+ responses induce BDNF release, and 3) the simultaneousness of these PSP-Ca 2+ responses with the released BDNF induces LTP at those basal synapses.
Here we unveil a novel manner to induce the BDNFdependent LTP of the synaptic responses evoked by lowfrequency stimulation at L5PN basal synapses when synaptic inhibition is working. This induction form relies on the coincidence of local Ca 2+ spikes facilitated by eCBs and of BDNF released by those Ca 2+ spikes. Nevertheless, the generation of these pairings between BDNF and Ca 2+ spikes is necessary but not sufficient to induce the eCB-dependent LTP because previous AP barrage is obligatory for the induction of this LTP. Indeed, no plasticity or STP of the PSCs was observed in the absence of a previous AP barrage. The eCB-mediated facilitation of Ca 2+ spike back propagation would explain the requirement of an AP barrage prior to the pairing between the BDNF and Ca 2+ spikes. Indeed, the eCB-mediated boosting of the back propagated-AP (BAP) could be due to the modulation of inhibitory transmission or intrinsic dendritic conductance, a mechanism that is absent in the apical dendrite (Hsieh and Levine 2013) but that would be present at basal dendrites of L5PNs. However, the apical dendrite presents a novel form of plasticity, not occurring in basal dendrites, that is induced with lowfrequency stimulation (0.1 Hz) and does not require its pairing with BAPs or local Ca 2+ spikes (Sandler et al. 2016 ). This Kv4.2 potassium and NMDAR channel-dependent LTP is expressed via the insertion of AMPARs and paralleled by an increase in the efficiency of dendritic spike back propagation due to the internalization of Kv4.2 channels. Therefore, we cannot rule out a possible modification in back propagation efficiency after the induction of the eCB-dependent LTP due to a similar internalization of dendritic potassium channels. In addition, we cannot discard the possible participation of astrocytes in the facilitation of the calcium responses and the LTP at L5PNs either, because the activation of CB1Rs at astrocytes is involved in the enhancement of pyramidal cell excitability and the induction of LTP at excitatory synapses (Navarrete and Araque 2010) . Furthermore, we have found similar spiking responses and LTP of synaptic transmission at basal dendrites of L5PNs when AP barrages were induced by stimulating at different levels of the somatosensory pathway (striatum or POm). Although different synapse activations and eCB-dependent LTP induction mechanisms could be occurring when AP barrages were evoked by striatum or POm stimulation, our results may indicate that the activation of the paralemniscal pathway could evoke the necessary AP bursts to release the eCBs required to facilitate the PSP-Ca 2+ responses and induce LTP at basal excitatory synapses of L5PNs. In agreement with these results, a previous in vivo work showed that the activation of POm neurons generated NMDAR-mediated plateau potentials and LTP at L2/3 PNs during rhythmic whisker stimulation, whereas the inhibition of POm activity suppressed the generation of those NMDAR-mediated potentials and prevented whisker-evoked LTP (Gambino et al. 2014) . Paralemniscal synaptic inputs originated from the POm provide contextual or predictive information for external sensory stimuli that feed forward through lemniscal pathways (Larkum 2013 ). Therefore, it is possible that during whisker activation in the range of frequencies at which rats sample objects, POm neurons would induce PSPCa 2+ responses based on NMDA spikes at both L5 and L2/3
PNs and LTP of the sensory evoked potentials. The simultaneous increase in synaptic efficacy at both cortical layers may increase the sensitivity of the barrel cortex to future sensory stimuli. However, a direct demonstration of the LTP induction mechanism when AP barrages were evoked by striatum or POm stimulation remains to be established. An important question is whether AP barrages followed by low activation frequencies that cause this dramatic plasticity change were within the physiological activation range of basal dendrite synapses in L5PNs in vivo. We speculate that, under physiological conditions, such as certain attentional tasks, AP burst induced by POm inputs would precede and amplify the inputs coming from the ventromedial nucleus of the thalamus that contact the basal dendrites of L5PNs (Petreanu et al. 2009 ), enabling long-term information storage in a branch-specific manner (Cichon and Gan 2015) . Indeed, a branch-specific plasticity in L5PNs has been shown to be crucial for motor learning or during exposure of rats to enriched environments (Cichon and Gan 2015) .
Finally, several observations suggest that the eCBdependent LTP described here in juvenile rats is not limited to the early developmental stages of the rat barrel cortex, because in the adult rat brain: 1) immunohistochemical data demonstrate prominent CB1R expression in GABAergic axons (Bodor et al. 2005) , 2) BDNF plays a critical role in long-term synaptic plasticity (Schuman 1999; Schinder and Poo 2000) , and 3) calcium spikes could be recorded from L5PNs Polsky et al. 2009 ). Nevertheless, this form of LTP induction still needs to be demonstrated in adult rats. In summary, our data show that the regulation of local excitatory/inhibitory interactions by eCBs may favor the induction of Ca 2+ spikes triggered by low-frequency stimulation of basal synaptic inputs that induce an eCB-and BDNF-dependent LTP in L5PNs of the juvenile rat barrel cortex. Although some questions remain open and further studies are required to fully understand and confirm the role of this form of plasticity in the processing of sensory information, our findings could have important implications for predicting how neuronal activity might organize sensory processing in the barrel cortex.
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